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The  en ergy  con ser va tion  reg u la tion  pro vides  up per  lim its  for  the  an nual  pri mary  en ergy  re -
quire  ments for new build  ings and old build  ing ren  o  va  tion. The ac  tions re  quired could ac  -
com pany a re duc tion of the air ex change rate and cause a deg ra da tion of the in door air qual ity. 
In ad di tion to cli mate and build ing spe cific as pects, the air ex change rate is es sen tially af fected 
by the res  i  dents. Pres  ent meth  ods for the es  ti  ma  tion of the in  door air qual  ity can only be ef  -
fected un der test con di  tions, whereby the in flu ence of the res  i  dents can  not be con  sid ered and
so an es  ti  ma  tion un  der daily rou  tine can  not be en  sured. In the con  text of this con  tri  bu  tion
first steps of a method are pre sented, that al lows an es ti ma tion of the pro gres sion of the air ex -
change rate un der fa vour able con di tions by us ing ra don as an in di ca tor. There fore math e mat -
i cal  con nec tions  are  es tab lished  that  could  be  af firmed  prac ti cally  in  an  ex per i men tal  set-up.
So this method could pro vide a tool that al lows the es ti ma tion of the pro gres sion of the air ex -
change rate and in a later step the es ti ma tion of a cor re lat ing pro gres sion of air pol lut ant con -
cen tra tions  with out  lim i ta tions  of  us ing  the  dwell ing.
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IN TRO DUC TION
In Cen  tral Eu  rope adults re  main be  tween 80%
and 90% of the day in closed in te  rior [1]. This leads to
an ex po sure to a mul ti tude of air pol lut ants, which can
ac  cu  mu  late in the in  door air. The pres  ence of hu  mans
can lead to emis  sions of CO2 or ex  ha  la  tions. Due to
build  ing prod  ucts, fur  ni  ture or fur  ther ob  jects of daily
han dling  sub stances  like  vol a tile  or ganic  com pounds
(VOC) are emit  ted [2]. High in  door air hu  mid  ity can
lead to mould for ma tion, which emits spores and al ler -
gens [3]. In this con  text ra  don is kept in mind since it
can ac  cu  mu  late in the in  door air too and can mean a
health risk.
The con  cen  tra  tions of these air pol  lut  ants de  -
pend on one hand on the par  tic  u  lar pol  luter and on the
other hand on the ven  ti  la  tion of the room [4]. Good
ven ti la tion and so a high air ex change rate, ar range for
the avoid  ance of the ac  cu  mu  la  tion of air pol  lut  ants in
the in door air and for the con tin u ance of the con cen tra -
tion on a low level. Yet the en  ergy con  ser  va  tion reg  u  -
la  tion pro  vides up  per lim  its for the an  nual pri  mary
en ergy  re quire ments  for  new  es tab lished  build ings
and old build  ing ren  o  va  tions [5]. For the re  duc  tion of
the en  ergy re  quire  ments it is nec  es  sary to in  su  late the
cas  ing of the build  ing and to in  stall sealed doors and
win  dows. This can lead to a re  duc  tion of the air ex  -
change rate that can re sult in an in crease of the air pol -
lut  ant level [6, 7]. To avoid this, there are cer  tain re  -
quire  ments for the ven  ti  la  tion of a build  ing which can
be achieved by an ac  tive ven  ti  la  tion sys  tem, or
adapted  ven ti la tion  be hav iour  (pas sive  ven ti la tion).
Nor mally  ac tive  ven ti la tion  sys tems  are  qual i fied  for
the avoid  ance of an in  crease of the air pol  lut  ant level.
Yet, for us ing the pas sive ven ti la tion there are high ad -
dic  tions to the be  hav  iour of the res  i  dents. De  fi  cient
pas  sive ven  ti  la  tion can lead to an in  crease of the air
pol lut ant  level.
Thus the knowl  edge of the air ex  change rate is
fun  da  men  tal for the es  ti  ma  tion of the in  door air qual  -
ity. Pres  ent meth  ods for the es  ti  ma  tion of the air ex  -
change rate can only be ef  fected un  der test con  di  tions
or un  der the guar  an  tee of a con  stant air ex  change rate
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*  Cor re spond ing  au thor;  e-mail:  franz.roessler@cybortek.de[8, 9]. A con sid er ation of the room use as an im por tant
in  flu  ence on the air ex  change rate can  not be ef  fected.
Al  ter  na  tively to the pres  ent meth  ods, the first steps of
an ap proach that is us ing ra don as an in di ca tor shall be
pre  sented. This could al  low the eval  u  a  tion of the pro  -
gres  sion of the air ex  change rate un  der daily rou  tine.
The eval  u  a  tion of pro  gres  sions of the air ex  -
change rate by mea sured pro gres sions of the ra don con -
cen tra tion is achieved by sev eral steps. At first, an eval -
u  a  tion of the ra  don source at a pref  er  a  bly low and
con stant air ex change rate is ac com plished. The de sired
sig  nal gained by a long term mea  sure  ment is fil tered by
suit able  fil ter  func tions.  Fi nally,  via  a  re con struc tion
method de  vel  oped for this pur  pose, the pro  gres  sion of
the air ex  change rate is eval  u  ated by the fil  tered pro  -
gres sion of the mea sured sig nal of the ra don con cen tra -
tion. The tar  get of the pre  sented method is guar  an  tee of
a pref er a bly eval u a tion of the ra don source and a pref er -
a  bly low-noise re  con  struc  tion of the air ex  change rate
by a noisy, long term mea  sure  ment sig  nal of the ra  don
con cen tra tion.
For a first prac  ti  cal ver  i  fi  ca  tion of the method,
mea  sure  ments are con  ducted by us  ing a mea  sure  ment
cham ber with a di men sion of a real dwell ing. The mea -
sure  ment cham  ber is fea  tured with a pro  gram  ma  ble
ven ti la tion  con trol  sys tem,  which  al lows  the  im ple -
men  ta  tion of selectable pro  gres  sions of the air ex  -
change rate. Mea  sure  ments in real dwell  ings shall be
ef fected  in  fu ture  de vel op ments.
MOD EL LING
To build a model, which de scribes the math e mat -
i  cal con  nec  tion be  tween the air ex  change rate k(t) and
the  ra don  con cen tra tion  c(t),  a  dif fer en tial  equa tion  is
de  ter  mined. In this junc  ture the ra  don which degasses
out of the ground soil and the build ing ma te  rial is con -
sid ered in terms of the ra don source QV, nor mal ised on
the vol  ume of the dwell  ing V.  For  sim pli fi ca tion,  the
ra  don source and the ra  don mix  ing in the air are as  -
sumed as con  stant at first. The ra  dio  ac  tive de  cay ar  -
ranges for re  duc  tion of the ra  don con  cen  tra  tion and is
con  sid  ered in terms of the dif  fer  en  tial form of the de  -
cay law with the de  cay con  stant  l. To es  tab  lish a con  -
nec  tion be  tween the air ex  change rate and the ra  don
con cen tra tion, the air ex change is listed with the de liv -
ery air and the dis charged air, at which via the de liv ery
air, out  door air with the ra  don con  cen  tra  tion ca(t) is
car ried into the room and via the dis charged air, in door
air with the ra  don con  cen  tra  tion c(t) is car  ried out of
the room
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Via the so  lu  tion of the dif  fer  en  tial equa  tion (eq.
1) a time dis  crete equa  tion can be con  structed, which
al lows the it er a tive eval u a tion  of  the ra don con cen tra -
tion c(t) by the air ex change rate k(t). In this junc ture Dt
de  scribes the time in  ter  val of the time dis  crete data
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Be  cause eq. 2 can  not be solved to the air ex  -
change rate, it is nec es sary to trans form the dif fer en tial 
equa  tion (eq. 1) into a dif fer  ence equa  tion. In turn this
can be dis  solved to the time dis  crete air ex  change rate
k(n)
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For c(n) mea  sured data of the ra  don con  cen  tra  -
tion can be used which are re corded with the mea sure -
ment  in ter val  Dt. Be  fore start  ing the long term mea  -
sure  ment the ra  don source QV is eval  u  ated via a
method de  vel  oped for this pur  pose. Ac  cord  ing to the
con stancy of the ra don source the eval u a tion can be re -
peated sev eral times. The out door ra don con cen tra tion 
can ei  ther be sup  posed con  stant ca, or can be con  sid  -
ered in the equa tion via an own se ries of mea sure ments 
ca(n). When mea  sur  ing a low level in  door ra  don con  -
cen  tra tion it will make sense to re cord the pro  gres  sion
of  the  out door  con cen tra tion  sep a rately.
Thus eqs. 2 and 3 de  liver the tool to eval  u  ate the
pro  gres  sion of the air ex  change rate by the ra  don con  -
cen tra tion and the pro gres sion of the ra don con cen tra -
tion by the air ex  change rate.
EVAL U A TION  OF  THE  RA DON  SOURCE
All pa  ram  e  ters of eq. 3 are known, i. e.,
metrologicaly  ac ces si ble  ex cept  the  ra don  source  QV.
The ra  don source nor  mal  ised to the vol  ume of the
dwell ing  QV  rep re sents  the  full  char ac teri sa tion  of  the
dwell ing. It can be eval u ated via re cord ing a sat u ra tion 
curve of the ra  don con  cen  tra  tion by in  creas  ing the air
ex  change rate at first (pas  sive or ac  tive ven  ti  la  tion) to
lower the ra don con cen tra tion in the dwell ing to a level 
which is nearly in ac  cor  dance with the out  door ra  don
con cen tra tion.  Af ter wards  the  air  ex change  rate  is
low ered  (end ing  the  “ven ti la tion  sit u a tion”).  This
leads to a new in  crease of the ra  don con  cen  tra  tion in
the dwell  ing and thus to a sat  u  ra  tion curve, which fol  -
lows with the guar an tee of a pref er a bly con stant air ex -
change  rate  an  ex po nen tial  pro gres sion.  This  sat u ra -
tion curve is re  corded with a ra  don mon  i  tor. Via us  ing
the Levenberg-Marquardt al  go  rithm the time con  stant
t, the ra  don con  cen  tra  tion at the be  gin  ning c0 and the
ra don  sat u ra tion  con cen tra tion  c(4) are fit  ted to the
fol low ing  equa tion
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The de  ter  mined time con  stant t and the ra  don
sat u ra tion  con cen tra tion  c(4) are used for the eval  u  a  -
tion of the ra  don source. Fol  low  ing con  nec  tion can be
de  rived from the so  lu  tion of the dif  fer  en  tial equa  tion
(eq. 1)
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Us ing  the  pa ram e ters  t and c(4)  de ter mined  in
eq. 4 and the con  stant pa  ram  e  ters l and ca the ra  don
source nor  mal  ised on the vol  ume of the dwell  ing QV
can be eval  u  ated via eq. 5, which rep  re  sents the full
char ac teri sa tion  of  the  dwell ing.
FIL TER ING  SE RIES  OF  MEA SURE MENTS
OF  THE  RA DON  CON CEN TRA TION
The re  con  struc  tion of pro  gres  sion of the air ex  -
change rate is ef  fected by eq. 3. In this con  nec  tion,
there are high re  quire  ments on the mea  sured ra  don
con cen tra tion  sig nal  be cause  of  the  noise  sen si tiv ity
ac  counted by the term c (n + 1) – c(n). Be  cause of the
sta tis ti cal  char ac ter  of  the  mea sure ment  of  ra don  con -
cen tra tion, the mea sured sig nal is in ter fered with noise 
and so it is nec  es  sary to smooth the mea  sured sig  nal.
This is ef fected by a the o ret i cal sys tem ap proach of fil -
ter ing  us ing  win dow  func tions  (rect an gle,  Ham ming,
Hanning,  etc...) [10] in four steps. In the first step
called “zero-pad  ding” the mea  sured sig  nal is ex  -
panded with ze  ros to achieve the same length of the
mea  sured sig  nal and the win  dow func  tion. In the sec  -
ond step with ze  ros ex  panded sig  nal is trans  formed
into the fre  quency do  main by us  ing the Fou  rier trans  -
for  ma  tion. In the third step the fre  quency spec  trum is
mul ti plied  by  an  ad e quate  win dow  func tion.  Fi nally
the re  sult  ing fil  tered spec  trum is trans  formed into the
time do  main by us  ing the in  verse Fou  rier trans  for  ma  -
tion.  In  or der  to  real ise  a  pref er a bly  ef fi cient  fil ter ing
with  out loss of at  trib  utes of the de  sired sig  nal, an ad  e  -
quate choice of the fil ter func tion and its width is of es -
sen  tial im  por  tance. This choice de  pends on the fre  -
quency spec trum of the mea  sured sig  nal. Af ter all, the
pro  gres  sion of the air ex  change rate can be eval  u  ated
via the re  con  struc  tion of the fil  tered mea  sured data of
the  ra don  con cen tra tion.
EX PER I MEN TAL  SET-UP
The goal for the first prac ti cal ver i fi ca tion of the
con  structed mea  sure  ment model in a mea  sure  ment
cham ber  was  to  elim i nate  dis tur bance  val ues,  cre ate
con trolled con di tions and hence to al low the re ceipt of
re peat able  re sults.  The  mea sure ment  cham ber  is  built
up of a cool  ing cham  ber (pro  ducer: Viessmann) that
pro  vides the vantages of ther  mal in  su  la  tion and high
tight  ness. It has a vol  ume of 10 m³ and there  fore it is
big enough to em  u  late a real dwell  ing and to ac  com  -
mo date  ex per i men tal  con struc tions.  It  is  com posed  of
sev  eral seg  ments which have a ther  mal in  su  la  tion of
60 mm PUR foam and a stain  less steel sur  face. The
ther mal in su la tion of fers the ad van tage of in sen si bil ity 
of the in  door tem  per  a  ture from the out  door tem  per  a  -
ture. To achieve a high tight  ness of the cham  ber wall,
the gaps are sealed with alu  mi  num cov  ered ad  he  sive
foil and seal  ing mass.
To con trol the ven ti la tion and so to reg u late the air 
ex  change rate a ven  ti  la  tor is ap  plied, whose speed can
be reg  u  lated by a microcontroller. The microcontroller
is con  nected with a PC, which al  lows the im  port of any
pro  gres  sions of the air ex  change rate. The ven  ti  la  tor is
in  stalled at a mea  sure ment dis tance that is placed in the
de  liv  ery air chan  nel. The air flow rate at this mea  sure  -
ment dis  tance is mea  sured by a thermo-an  e  mom  e  ter
(Ahlborn FVA 935 TH4) with a mea  sure  ment range of
0.08-2 m/s. With an ef  fec  tive cross-sec  tional area of
15.1 cm² in the mea  sure  ment dis  tance pipe, the ef  fec  -
tively air ex  change rate af  fect  ing the mea  sure  ment
cham  ber can be de  ter  mined with a range of 0.05-1 per
hour. Hence, the mea  sure ments can be ef fected with air
ex  change rates like they ap  pear upon real dwell  ings.
In side and out side the mea sure ment cham ber the 
ra don  con cen tra tion,  the  air  tem per a ture,  the  air  hu -
mid  ity and the air pres sure are mea  sured. For this pur  -
pose ra  don-mon  i  tors of the type AlphaGUARD (pro  -
ducer: Saphymo) are used.
All mea sure ments are ef fected by re cord ing time 
lines with sam  ple times of 10 min  utes. An ex  te  rior
view of the mea  sure  ment cham  ber is shown in fig. 1.
RE SULTS
Mea sure ments  on  the  mea sure ment  cham ber
were per  formed at which ura  nium ore was used as
the ra don source. In the fol low ing two mea sure ment
ex  am  ples are pre  sented. The first ex  am  ple was re  -
corded us  ing ura  nium ore with a high source power
QV = 670 Bq/hm3. As a test sig  nal of the air ex  -
change rate a rect an gle pro gres sion was ad justed by
the  ven ti la tion  con trol  sys tem.  The  re sult ing  pro -
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Fig  ure 1. Ex  te  rior view of the mea  sure  ment cham  bergres  sion of the ra  don con  cen  tra  tion in  side the mea  -
sure  ment cham  ber is shown in fig. 2. To fil  ter the
mea sured  pro gres sion  of  the  ra don  con cen tra tion  a
Ham  ming win  dow with a width of 512 sam  ples is
used, which elim  i  nates the high fre  quen  cies of the
spec  trum and re  presses the noise com  po  nent.
To re  con  struct the air ex  change rate by the fil  -
tered pro  gres  sion of the mea  sured ra  don con  cen  tra  -
tion, the pro  gres  sion of the air ex  change rate is de  -
ter  mined iteratively via the im  ple  men  ta  tion of the
re con struc tion  al go rithm  (eq.  3).  The  re con structed
pro  gres  sion of the air ex  change rate is shown in fig.
3.
Fig ure 3 shows that the re con structed pro gres sion 
of the air ex  change rate is in good ac  cor  dance with the
orig  i  nal pro  gres  sion. But it can be seen that the re  con  -
structed pro  gres  sion is superposed by fre  quency parts
re  sult  ing from not elim  i  nated noise com  po  nents of the
mea  sured sig  nal of the ra  don con  cen  tra  tion. Yet a more
in  tense smooth  ing of the mea  sure  ment sig  nal will lead
to an elim  i  na  tion of the de  sired sig  nal too. Thus for ev  -
ery  re corded  mea sured  pro gres sion,  the  elim i na tion  of
the de  sired sig  nal must be com  pro  mised with the
non-elim i na tion  of  the  noise  com po nent.
The first ex  am  ple was re  corded with a higher
source power than it oc  curs in real dwell  ings. To
achieve more daily rou  tine like mea  sure  ment con  di  -
tions the sec  ond ex  am  ple was re  corded with a lower
ra  don source of QV = 11 Bq/hm3. A rect  an  gle pro  gres  -
sion of the air ex change rate was ad justed by the ven ti -
la tion con trol sys tem. The re sult ing pro gres sion of the
ra don  con cen tra tion  in side  the  mea sure ment  cham ber
is shown in fig. 4. The mea sured pro gres sion of the ra -
don con  cen  tra  tion was fil  tered with a ham  ming win  -
dow with a width of 256 sam  ples.
The re con struc tion of the air ex change rate is ef -
fected like in ex am ple 1 de scribed. The com par i son of
the orig i nal and re con structed air pro gres sion of the air 
ex  change rate is shown in fig. 5.
It can be seen that the re  con  struc  tion in ex  am  ple
2 is ef  fected less ac  cu  rate than the re  con  struc  tion in
ex  am ple 1. The rea  son for this is the lower level of the
ra  don con  cen  tra  tion which leads to a higher noise in
the mea  sured sig  nal and con  se  quently to a less ac  cu  -
rate re con struc tion of the air ex change rate. The con se -
quences of these cir  cum  stances are a lower time res  o  -
lu  tion of the re  con  structed air ex  change rate and
lim  i  ta  tions of the re  con  struc  tion of high air ex  change
rates at low ra  don sources.
DIS CUS SIONS
With the aid of the pre  sented method pro  gres  -
sions of the ra don con cen tra tions and the air ex change
rate can be con verted into each other un der fa vour able
con di tions. The prin ci  pal point of the method is rep  re -
sented by the eval  u  a  tion of the pro  gres  sion of the air
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Fig ure  2.  Ex am ple  1:  mea sured  ra don  con cen tra tion  (1)
in the mea  sure  ment cham  ber and the pro  gres  sion
fil  tered with a rect  an  gle win  dow with a width of 512
sam ples  (2)
Fig ure 3. Ex am ple 1: com par i son of the air ex change rate 
re  con  structed by the pro  gres  sion of the ra  don
con  cen  tra  tion (2) and the orig  i  nal air ex  change rate (1)
Fig ure  4.  Ex am ple  2:  mea sured  ra don  con cen tra tion  (1)
in the mea  sure  ment cham  ber and the pro  gres  sion
fil  tered with a ham  ming win  dow with a width of 256
sam ples  (2)
Fig ure 5. Ex am  ple 2: com par  i  son of the air ex change rate
re  con  structed by the pro  gres  sion of the ra  don
con  cen  tra  tion (2) and the orig  i  nal air ex  change rate (1)ex change rate, by a mea sured pro gres sion of the ra don
con cen tra tion.  Com pared  to  pres ent  meth ods  which
al  low no time res  o  lu  tion of the air ex  change rate, or
have to be ef fected un der test con di tions, the pre sented 
method pro  vides a time res  o  lu  tion of the air ex  change
rate. The use of the dwell ing which has a big in flu ence
on the air ex  change rate can be con  sid  ered. Only the
eval u a tion of the ra don source has to be ef fected un der
test  con di tions.
For the room that has to be an  a  lyzed cer  tain re  -
quire ments  ex ist,  which  de scribe  po ten tial  lim i ta tions
for the method. For the eval u a tion of the ra don source,
the  ra don  sat u ra tion  con cen tra tion  must  be  high
enough for achiev  ing a solv  able sat  u  ra  tion curve. If
there is no solv  able sat  u  ra  tion curve, an eval  u  a  tion of
the ra  don source is im  pos  si  ble. There are sim  i  lar lim  i  -
ta  tions for long term mea  sure  ments. With avail  abil  ity
of only a low ra don source and be cause of the high sta -
tis ti cal noise there are dif fi cul ties to fil ter the mea sure -
ment sig  nal, on one hand and to re con  struct the air ex  -
change rate, on the other hand. The pre  sented
mea sure ment  ex am ple  2  shows  first  im pres sions  of
these dif fi cul ties, at low ra don sources, in the form of a
lower time res  o  lu  tion, es  pe  cially at high air ex  change
rates.
The fil ter ing of the pro gres sion of the ra don con -
cen tra tion leads to a re duc tion of the noise com po nent, 
on one hand and to a re  duc  tion of sev  eral fre  quency
parts of the de  sired sig  nal, on the other hand. This im  -
pli cates the  cir cum stance that  the  orig i nal pro gres sion
of the air ex change rate can ex actly be re con structed in 
the rar est cases. Thus it is a ques tion of an ap proach on
the orig  i  nal pro  gres  sion of the air ex  change rate. The
ac  cu racy de pends on the dis cov ered level of the ra don
con cen tra tion and the choice of the fit ting pa ram e ters.
A crit  i  cal point of the re  con  struc  tion of the air
ex change rate is the con stancy of the ra don source. It is 
known that the ra don source can vary un der some con -
di  tions, for ex  am  ple at air pres  sure vari  a  tions [11-13].
Es pe cially  in  ar eas  with  min ing  in dus try,  vari a tions  of
the ra don source can be mea sured [14]. But, un til now,
there is not enough in  for  ma  tion about the di  men  sion
of this vari abil ity. Hence the di men sion of the vari abil -
ity of the ra  don source must be checked and the de  ci  -
sion must be made about which di  men sion of the vari -
abil  ity can be ac  cepted. If there is a slow vari  abil  ity
over sev  eral days, for ex  am  ple, the eval  u  a  tion of the
ra  don source can be re  peated ev  ery few days or, if
there is a small vari  abil  ity, the re  con  struc  tion can be
ef  fected with a mean ra  don source. The smaller the
vari  abil  ity of the ra  don source, the better the re  con  -
struc  tion of the air ex  change rate works.
OUT LOOK
The pre  sented method pic  tures an early de  vel  op  -
ment stage that serves for fu ture de vel op ments as a ba sis.
Fur ther  steps  pro vide  the  eval u a tion  of  the  lim i ta tions  of
the method, the anal  y  sis of the con  stancy of the ra  don
source, the con  struc  tion of a “multi-room-model” and
the ref  er  enc  ing of the in  door air qual  ity.
The re  con  struc  tion of the air ex  change rate at
low  level  ra don  con cen tra tions  (es pe cially  less  than
100 Bq/m3) is sub  jected to cer  tain dif  fi  cul  ties. A low
ra  don con  cen  tra  tion can lead to the cir  cum  stance that
the ra don source can not be eval u ated, on one hand and
be  cause of the sta  tis  ti  cal noise of the ra  don mea  sure  -
ment, the air ex  change rate can  not be re  con  structed,
on the other hand. Hence with a de  crease of the ra  don
source the re  con  struc  tion of high air ex  change rates is
more dif  fi  cult. Which val  ues of the air ex  change rate
can be re  con  structed at which val  ues of the ra  don
source, shall be re  viewed in fu  ture anal  y  ses. These
anal y ses  shall  be  ef fected  un der  sev eral  re quire ments
on the ac  cu  racy and the time res  o  lu  tion of the re  con  -
struc tion.  At  this  junc ture,  the  sta tis ti cal  char ac ter is -
tics of the used ra don-mon i tors at low level ra don con -
cen  tra  tions, shall be con  sulted.
The in  spec  tion of the con  stancy of ra  don source
rep  re  sents an im  por  tant duty. A first ap  proach can be
achieved by eval u at  ing the ra  don source in real dwell -
ings, re  peated ev  ery few days. All doors in  side the
dwell  ing should be open to ap  ply the pre  sented “sin  -
gle-room-model”. A vari  a  tion of the ra  don source
eval u ated  ev ery  few  days  could  de liver  in for ma tion
about the long term vari abil ity. The short time vari abil -
ity can be ana  lysed by per  form  ing ref  er  ence mea  sure  -
ments of the air ex  change rate with the tracer gas SF6.
A com  par  i  son of the air ex  change rate re  con  structed
by the mea  sured ra  don con  cen  tra  tion and the air ex  -
change rate re con structed by the tracer gas SF6, al lows
draw  ing con  clu  sions from the vari  abil  ity of the ra  don
source. The in  spec  tion of the con  stancy of the ra  don
source has to be ef fected in real build ings or dwell ings
to achieve real con  di  tions re  lat  ing to pres  sure or other
cli ma tic  vari a tions.  Here upon  a  de ci sion  should  be
made which di  men  sion of vari  a  tions can be ac  cepted
and  which  di men sions  of  vari a tions  are  rep re sent ing
lim i ta tions  for  the  method.
To trans  fer the method to real build  ings and
dwell  ings a “multi-room-model” shall be build based
on the pre  sented “sin  gle-room-model”. There  fore a
sys  tem of dif  fer  en  tial equa  tions should be in  duced
con tain ing one equa tion for ev ery room of the build ing 
or the dwell ing that needs to be an a lyzed. The dis so lu -
tion of this sys  tem could al  low the eval  u  a  tion of in  di  -
vid ual air ex change rates un der fa vour able con di tions.
To es tab  lish a re la  tion ship to the in door air qual -
ity,  math e mat i cal  con nec tions  be tween  the  air  ex -
change rate and sev  eral air pol  lut  ants shall be es  tab  -
lished. At this junc  ture it can be about any air
pol lut ants  like  vol a tile  or ganic  com pounds  (VOC),
form al de hyde or CO2. To build a math e mat i cal model,
the model pre  sented in this pa  per shall be used and
adapted ac cord ing to the air pol lut ant. If there are ad e -
quate mod els avail able to es ti mate sev eral air pol lut ant 
con cen tra tions fol low ing ap proach will be ap plied. At
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don con cen tra tion via the method pre sented in this pa -
per. In the next step air pol lut ant con cen tra tions will be 
es ti mated  via  the  re spec tive  math e mat i cal  mod els.  Fi -
nally a rep re sen ta tive choice of the con sid ered air pol -
lut ants al lows the eval u a tion of the in door air qual ity. 
Be cause  of  the  in ter ac tion  be tween  sev eral  air
pol lut ants  and  other  sub stances  or  cli ma tic  pa ram e -
ters, the con struc tion of a math e mat i cal model for es ti -
ma  tion of an air pol  lut  ant con  cen  tra  tion by the air ex  -
change rate, re quires a high com plex ity. Thus it will be
ef  fected only for a choice of im  por  tant air pol  lut  ants
and there  fore pri  mar  ily serve to de  liver tools which
can  be  ap plied  to  ar bi trary  air  pol lut ant  com bi na tions
[15].
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Franc Anton RESLER, Tahar AZAM XAJ, Folker GRIM,
Hans HINGMAN, Tina OROFVIGHOZE, Nina JAH, Joahim BREKOV
PRVI  KORACI  U  RAZVIJAWU  MERNE  METODE  ZA
PROCENU  KONCENTRACIJE  RADONA  KAO  INDIKATORA
KVALITETA  VAZDUHA  U  ZATVORENOM  PROSTORU
Propisi o o~uvawu energije daju gorwe granice za godi{we potrebe primarne energije
novih zgrada i renoviranih starih zgrada. Potrebni zahtevi mogu dovesti do smawewa brzine
izmene vazduha i time degradirati kvalitet vazduha u zatvorenom prostoru. Pored klimatskih
uslova i specifi~nih aspekata gra|evinskog objekta, na izmenu vazduha su{tinski uti~u i
stanovnici zgrade. Aktuelne metode za procenu kvaliteta vazduha u zatvorenim prostorima mogu se 
sprovesti samo pri uslovima testirawa, dok se uticaj stanovni{tva ne mo`e uzeti u razmatrawe i
time se ne mo`e osigurati procena u svakodnevnom `ivotu. U ciqu doprinosa ovom pitawu,
predstavqeni su prvi koraci metode koja omogu}ava procenu progresije brzine izmene vazduha pod
najpogodnijim uslovima, koriste}i ra  don kao indikator. Stoga su utvr|ene matemati~ke relacije
koje se mogu potvrditi prakti~no kroz eksperiment. Otuda ova metoda mo`e da bude sredstvo za
procenu progresije brzine izmene vazduha i u kasnijem koraku procenu korelacije progresije
koncentracije zaga|iva~a vazduha bez ograni~avawa upotrebe zgrade.
Kqu~ne re~i: ra  don, brzina izmene vazduha, kvalitet vazduha, zaga|ewe vazduha